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INTENSE GIGAWATT RELATIVISTIC ELECTRON BEAM GENERATION IN THE PRESENCE OF PREPULSE
Intense gigawatt relativistic electron beam generation studies were carried out in a planar diode configuration in the presence of prepulse. It was found that with 400 kV on the diode a bipolar Prepulse of 60 kV peak and more than 800 ns duration arrives on the diode. The negative peak occurred about 600 ns before the main pulse and the positive peak about 200 ns before the main pulse [17] . Usually 100 kV/cm electric field is required to initiate plasma formation on the cathode surface. But due to poor vacuum and surface condition on the graphite cathode plasma formation can occur much below 100 kV/cm electric field. Also during the positive half of the Prepulse voltage some plasma can be generated at the anode surface. Because of the plasma expansion from the anode and cathode surfaces, the diode either short circuited before the main pulse arrived or the effective shape of the cathode changes which lowers the impedance of the diode. Increasing the AK gap reduces the prepulse electric field and eventually drops it below the explosive emission threshold and eliminates its creation. As this threshold is approached, what plasma that is turned on may well be nonuniform as explosive sites become few and far between. This will make the cathode plasma very dependent on surface preparation and the resulting plasma will be wispy, spotty, and very nonreproducible. Cathode plasma can consist of a mixture with hydrocarbons on the surface contributing significantly to its constitution [38] . Protons make up the majority the ion beam that is observed in most diodes. suddenly voltage rises to 57 kV. So the diode behaves as plasma filled diode but the impedance is much less than vacuum impedance. The Prepulse generated plasma completely covers the AK gap during the conduction phase. There was not much shot to shot variation in this case.
In order to avoid the prepulse effect the AK gap was increased much more than that given by Below 56 kV/cm 2 effect of Prepulse will be less and the diode can be operated with a better shot to shot reproducibility. Also the reversal in the Marx generator output voltage is less for the case M ϕ = 306 kV due to the smaller negative prepulse voltage. The reason for the shot to shot variation in this experiment may be because of a decrease in the uniformity of the prepulse generated plasma with the corresponding increase in the cathode diameter.
EFFECT OF CATHODE DIAMETER ON IREB GENERATION IN THE
PRESENCE OF PREPULSE
In the phase II, for both the cathode diameter some shot to shot variation in the diode voltage and current were measured for the same Marx generator voltage. But the diode peak voltage obtained for 40 mm diameter cathode is much larger than the 70 mm diameter cathode. Results of the Phase II experiments are shown in the Table III and Table IV voltages. One can see that till ~ 15 ns from the beginning of the diode voltage rise the diode impedance for M ϕ = 348 kV is less than for M ϕ = 320 kV, even though the negative prepulse voltages were same. Probably because of the fact that the uniformity of the prepulse generated plasma was not similar for both the cases. It is interesting to note that the reversal in the Marx generator output voltage is same for the two cases. But the reversal is large as compared to the 40 mm diameter annular cathode. 
IREB GENERATION IN HIGH POWER CYLINDRICAL DIODE IN THE PRESENCE OF PREPULSE
The experimental setup used is shown in Chapter 3.3. The cylindrical diode consists of an annular cathode and grounded mesh anode. A graphite cathode with outer diameter of 13.7 cm and a copper mesh anode of 8.6 cm diameter were used for the cylindrical diode. The graphite cathode has a 2 cm emission length. To study the prepulse effect on beam generation in a high power cylindrical diode, the experiments were carried out in three phases. In phase I the cathode inner diameter was set to 12.3 cm with the radial AK gap of 1.85 cm. The diode chamber was evacuated using a diffusion pump backed by a rotary pump. The vacuum in the diode chamber was 6 × 10 -5 mbar. In the phase II experiment, the cathode inner diameter was set to 11.9 cm with the radial AK gap of 1.65 cm. In phase III experiment, the cathode inner diameter was set to 11 cm with the radial AK gap of 1.2 cm. cm AK gap, shows that in the case of the planar diode the prepulse generated plasma completely fills the AK gap and the diode behaves as plasma filled diode. For the cylindrical diode the prepulse generated plasma decreases the impedance of the diode and, respectively, increases the diode perveance. However, one can conclude that the plasma dose not completely fill the diode gap, resulting in 170 kV diode voltage. Let us note, that the current density in the planar diode experiment was in the range 0.2 -1.0 kA/cm 2 , similar to the measured peak current density for the present cylindrical diode experiment, 0.2-0.6 kA/cm 2 .
The effect of the prepulse is less pronounced in the cylindrical diode as compared to planar diode that allows one to operate the cylindrical diode with the AK gap 1.85 cm.
ELECTRON BEAM GENERATION WITH A BIPOLAR PULSE IN A HIGH POWER CYLINDRICAL DIODE
In the present experiment, KALI 5000 system has been operated without a prepulse switch which results in generation of the bipolar high-voltage prepulse.
The experimental setup used is shown in Chapter 3.3. The cylindrical diode consists of an annular cathode and grounded mesh anode. A graphite cathode with outer diameter of 13.7 cm and a copper mesh anode of 8.6 cm diameter were used for the cylindrical diode. The graphite cathode has a 2 cm emission length. The inner diameter of the graphite cathode is 11 cm with the radial AK gap of 1.2 cm. The diode diagnostics employed were aqueous copper sulphate resistive divider for the diode voltage, and B-Dot probe for the diode current measurement.
The inductive correction due to the transmission line inductance of 14 nH from the resistive divider to the cathode edge is less than a few percent since the dI/dt is typically 0.14-0.27 kA/ns in the present experiment. The diode chamber was evacuated to 8 x10 One can see that perveance increases linearly with time. Initially the diode gap is close to 1.2 cm, but the emission occurs over only a fraction of the cathode area. This area increases as the current increases and the perveance increases due to the increase of the emission area.
During the negative pulse, the diode voltage is about -100 kV at the time of peak current. The estimated SCL current from Langmuir-Blodgett law is 2.9 kA, much less than the measured peak current 11.2 kA. So during the negative voltage pulse diode current increases due to the plasma expansion. The time varying perveance for negative diode voltage and current is shown in Fig. 4.25. Fig. 4.26 (a) and Fig. 4 .26 (b) shows the diode impedance versus time for positive and negative voltage pulses, respectively. During the positive voltage pulse, the diode impedance decrease with time due to the increase in the emission area. But during the negative voltage pulse, the diode impedance decreases with time due to the plasma expansion.
Therefore even though there is a plasma formation on the anode during the positive voltage pulse, the electron beam can be generated from the graphite cathode in the negative voltage pulse with a modest perveance (~1.1 x 10 -4 A/V 3/2 ).
PREPULSE SUPRTESSION TECHNIQUES
Prepulse Suppression using a dielectric cathode holder
In general, the best method to avoid prepulse is the use of spark gap switch or additional transmission line. The magnitude and polarity of the prepulse allowed are a function of the type of application of the electron beam diode. In order to reduce prepulse voltage to an acceptable level prepulse switches are used after the pulse forming line [16] . Depending upon the particular diode, various low capacitance prepulse switches have been used, for example, water, oil and gas switches. It is also possible to reduce prepulse by introducing a surface flashover switch into the conductor feeding the diode in vacuum [110] , [56] . It can reduce prepulse by a factor of a few or so up to about 10, depending upon the geometry [16] . In order to see the feasibility of a surface flashover prepulse switch in the KALI 5000 electron beam diode we have operated the diode with corrugated Perspex cylinder at the cathode holder. The experimental setup used is shown in Fig.4 .27. A cylindrical graphite cathode has been connected to the SS cathode holder by a corrugated Perspex cylinder of 26 mm maximum diameter and 10 mm minimum diameter. The cathode diameter was 66 mm. An aluminum disk of 1.5 mm thickness was connected to the backside of the cathode by metal screws.
Effective length of the Perspex cylinder can be changed by changing the position of the aluminum disk with respect to the cathode. The location of the prepulse switch is very important, if the switch is placed too close to the cathode prepulse could couple through the capacitance of the switch and would not be reduced enough. If the switch were placed too far backward, the diode insulator and voltage divider would be exposed to UV from the flashover, resulting in a breakdown [56] . Intense relativistic electron beam generation studies have been carried out for 66 mm diameter graphite cathode and the AK gap has been varied from 6 mm to 25 mm and the Perspex insulator length has been varied from 24 mm to 40 mm. Results of the experiments are shown in Table I . With the increase of the Marx generator voltage both the diode current and voltage increases. Therefore inserting a dielectric at the cathode holder could be a very effective method to reduce prepulse voltage at the electron beam diode, but it increases the rise time of the diode voltage and reduces the effective electron beam pulsewidth.
Prepulse Suppression by adding an Extra Inductance to the Charging
Circuit of the Blumlein Line
To compare the diode operation with other technique of prepulse mitigation an inductance has been added to the charging circuit of the Blumlein line. In the case of the added inductance to the Blumlein circuit, the slower rise time reduces the prepulse voltage from 32% to 10%. In this case a 67 mm diameter graphite cathode and a Tantalum disk has been used as an anode. is recorded during the beginning of the Blumlein charging but this prepulse voltage appears around 1.7 s prior to the main voltage pulse and will have no effect on the diode operation.
CONCLUSIONS
An intense relativistic electron beam has been generated without a prepulse switch. Electron beam generation mechanism in the presence of the prepulse has been analyzed by the expansion of the prepulse generated plasma and plasma filled diode. With an annular cathode, 346 keV, 10 kA, and 100 ns electron beam could be generated at a 3.4 kA/cm 2 current density. The peak electric field in the diode varies from 58 to 138 kV/cm. Intense relativistic electron beam has been generated in a planar diode with a dielectric cathode holder. Electron beam generation studies have been carried out for various AK gaps. The length of the Perspex insulator has been varied from 24 mm to 40 mm. It was found that for
